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Abstract
A static spherically symmetric metric in Einstein-scalar-tensor gravity the-
ory with a scalar field potential is non-singular for all real values of the coor-
dinates. It does not have a black hole event horizon and there is no essential
singularity at the origin of coordinates. The weak energy condition ρ > 0 is
satisfied but the strong energy condition ρ + 3p > 0 is violated by a scalar
field “dark energy” vacuum contribution with pressure pφ < −13ρφ. The col-
lapse of a star with zero normal matter pressure and uniform matter density
is solved for an interior constant scalar field vacuum energy and leads to a
finite singularity free collapsed object called a “grey star” with a non-singular
exterior gravitational field. The properties of hydrostatic stability of a grey




The problems associated with information loss of black holes have been a source of
controversy for more than thirty years [1]. The maximal extension of the Schwarzschild
spacetime by the Kruskal diagram [2], completing the space of geodesics except
for the essential singularity at the origin, has led to a general acceptance by the
physics community of the existence of black holes. There is evidence from the
study of the measured motions of stars in the close vicinity of Sgr A* with a mass
M ∼ 3.7 × 106M⊙ that a black hole exists at the center of the Galaxy. However,
due to the difficulty of actually detecting a black hole event horizon as predicted
by general relativity (GR) the observational evidence remains circumstantial and
controversial [3, 4, 5, 6].
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A non-singular solution for cosmology [8] has been obtained from a scalar-tensor-
vector gravity (STVG) theory, in which the matter and radiation density and tem-
perature at t = 0 are large but finite and the varying gravitational coupling strength
G(t) = 0 at t = 0. The singularity-free solution describes a contracting de Sitter
solution as t → 0 from t = −∞, reaching a finite cosmic scale at a(0) with van-
ishing Hubble parameter, H(0) = 0. It then approaches the standard cosmological
radiation dominant solution a(t) ∼ t1/2 as t→∞. The non-singular early universe
cosmology resolves the problem of the second law of thermodynamics by having the
Weyl curvature tensor vanish rigorously at t = 0.
In the following, we consider Einstein scalar-tensor gravity with “dark energy”,
which produces a strong negative pressure in the interior of massive bodies that
exerts a repulsive anti-gravity force preventing the collapse of a body to a black
hole. The dark energy described by a scalar field φ permeates all of spacetime as a
universal “ether”. With the discovery of the acceleration of the universe based on
supernovae observations and other cosmological observations [9, 10, 11], we can now
entertain the possibility of the existence of exotic forms of vacuum and quintessence
energy with negative pressure pφ < −13ρφ [12, 13, 14, 15, 16]. Even more exotic
forms of energy have been considered called “phantom energy” with pφ < −ρφ [17].
Such a vacuum energy can supplement the standard nuclear physics equations of
state used in conjunction with GR to describe the stability of astrophysical bodies.
Mazur and Mottola [18] have explored stellar models by matching an exterior
Schwarzschild vacuum solution to an interior solution governed by a dark energy
equation of state, w = p/ρ < −1/3. The stellar object is called a “gravastar”
(gravitational vacuum star). The gravastar does not have event horizons and does
not possess a singularity at the origin. It exhibits an effective phase transition at or
near where an event horizon is expected to form. A gravastar is pictured as consisting
of a compact object, in which the interior vacuum energy is much larger than the
cosmological vacuum energy. Attempts to model a de Sitter vacuum energy interior
to an exterior Schwarzschild solution have been investigated by [19, 20, 21, 22].
Hohlfeld, Lauglin and Santiago [23, 24] have proposed that the event horizon of
a black hole is a quantum phase transition of the vacuum spacetime analogous to
the liquid-vapor critical point of a Bose fluid. The field equations of classical GR
remain valid arbitrarily close to the black hole event horizon but fail there through
the divergence of a coherence length ξ. The metric inside the event horizon can be
the de Sitter space vacuum energy solution of classical GR.
In the following, we shall give an example of a scalar-tensor gravity theory which
can yield a static spherically symmetric solution which is free of an essential sin-
gularity and coordinate event horizon. A scalar field potential energy contribution
allows for a more general spherically symmetric solution than obtained in previous
calculations in GR or in Jordan-Brans-Dicke scalar tensor gravity [25, 26]. The
non-singular solution of the field equations leads to the weak energy condition be-
ing satisfied: ρ ≥ 0. However, the strong energy condition ρφ + 3pφ ≥ 0 for the
scalar field density and pressure is violated. The weak and strong energy conditions
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are generally satisfied provided only that ρ ≥ 0 and there do not exist negative
pressures (tensions) comparable in magnitude or larger than the density ρ. The
Hawking-Penrose theorems [27, 28, 29] proved that the gravitational collapse of a
star in GR must end in a singular solution with an event horizon (black hole) when
both the weak and strong energy conditions are satisfied. Since we allow for a vio-
lation of the strong energy condition, due to the negative pressure vacuum energy
in the interior of the star, we can obtain a non-singular solution for the collapse of a
star. We show that in an Oppenheimer-Snyder [30, 31] calculation of the collapse of
a star with zero “normal” matter pressure and non-zero uniform density and with
a constant scalar field vacuum energy, the end state of collapse is a non-singular
collapsed object called a “grey star”. The non-singular external gravitational field
does not have an event horizon. The properties of hydrodynamic stability of a stellar
body are investigated and the possibility of the stability of a collapsed star and a
massive black object at the center of a galaxy are considered.
Because our non-singular spherically symmetric solution has neither an event
horizon or a singularity at the origin, standard black hole Hawking radiation is absent
for the collapsed grey star and there is no Hawking information loss paradox. The
Weyl curvature tensor invariant is finite at the origin of coordinates in the solution
as are the other curvature invariants. Thus, the entropy of the collapsed star can
be a minimum at the center and not violate the second law of thermodynamics.
The simpler Einstein scalar-tensor gravity theory with a scalar field potential that
can yield a non-singular static spherically symmetric solution can be generalized to
a non-singular solution of the STVG field equations [7].
2 The Action and the Field Equations
The action takes the form:


















Here, R is the Ricci scalar R = gµνRµν , Λ is Einstein’s cosmological constant, φ is a
scalar field and V (φ) denotes a φ field potential energy. We use the metric signature
ηµν = diag(1,−1,−1,−1) where ηµν denotes the Minkowski metric tensor and we
choose (unless otherwise stated) units with the speed of light c = 1.
We have





where Tµν is the total stress-energy momentum tensor
Tµν = TMµν + Tφµν , (5)
and TMµν and Tφµν denote the matter and scalar field energy-momentum tensors,
respectively. We have .







The gravitational field equations are given by
Gµν − gµνΛ = 8piGNTµν , (7)
where Gµν = Rµν − 12gµνR. From the Bianchi identities ∇νGµν = 0 we obtain the
conservation law:
∇νT µν = 0, (8)
where ∇µ denotes the covariant derivative with respect to the metric gµν . The field





3 Non-Singular Static Spherically Symmetric So-
lution
The line element is of the standard form for a static spherically symmetric metric:
ds2 = B(r)dt2 −A(r)dr2 − r2dΩ2, (10)
where
dΩ2 = dθ2 + sin2 θdφ2. (11)
The empty space (vacuum) equations are given by
Rµν = 8piGN(Tφµν − 1
2
gµνTφ), (12)
where Tφ = g
µνTφµν . We have
Tφµν − 1
2
gµνTφ = ∂µφ∂νφ− gµνV (φ). (13)











1 + exp(−4GNM/r) , (15)




(1 + exp(−4GNM/r))dt2 − 2dr
2
1 + exp(−4GNM/r) − r
2dΩ2. (16)
















































The non-singular metric (16) is obtained from a particular potential V (φ). For

















where C = 4GNM .
We can infer from (18) a particular solution for V [φ(r)] corresponding to our



























This expression for dV (φ(r))/dφ can be substituted into (20) to give a solution for
φ(r).
The static spherically symmetric solution (14) and (15) does not have a singu-
larity at r = 0 and does not possess an event horizon at r = 2GM or at any other
real and finite value of r. We have B(0) = 1/2 and A(∞) = B(∞) = 1 where the
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latter corresponds to asymptotically flat Minkowski spacetime. If we expand B(r)
in a Taylor series for r ≫ 4GM , we obtain























The higher-order corrections to the Schwarzschild metric are small and all current
gravitational experiments in the solar system and the observational data for the
binary pulsar PSR 1913+16 will be satisfied by our non-singular solution.
A calculation of the components of the Riemann tensor yields
R0101 = −C exp(−C/r)(C − 2r)





4r4(1 + exp(−C/r))2 , (25)






(1− exp(−C/r)) sin2 θ, (27)
R0202 = −C exp(−C/r)
4r
. (28)
We obtain for x = C/r:
r2R0101 = −x exp(−x)(x− 2)
2(1 + exp(−x) +
x2 exp(−2x)
4(1 + exp(−x))2 −
x2 exp(−2x)
4(1 + exp(−x))2 . (29)
For x =∞ (r = 0) the curvature component r2R0101 → 0 and the same holds for the




is finite at r = 0 and there is no essential singularity in our static solution.




(1− exp(−x)− 2x exp(−x)). (31)
It follows that V [φ(r)]→ 1/(32piGN) as r → 0 and that V [φ(r)]→ 0 as r →∞.
We define the energy-momentum tensor for a perfect fluid by
T µν = (ρ+ p)uµuν − pgµν , (32)
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where uµ = dxµ/ds is the 4-velocity of a fluid element and gµνu
µuν = 1. Moreover,
we have
ρ = ρM + ρφ, p = pM + pφ, (33)
where ρi and pi denote the components of density and pressure associated with the
matter and the φ field, respectively. From (7) for Λ = 0, we obtain the equations
for empty space
G0











0 = 8piρφ, (34)
Gr












r = −8pipφ. (35)
Substituting (14) and (15) into (34) and (35), we get
G0





(1− exp(−C/r)) = 8piGNρφ, (36)
Gr





(1− exp(−C/r)) = −8piGNpφ. (37)






[x exp(−x) + (1− exp(−x))], (38)
where x = C/r. We see that in the range 0 ≤ x ≤ ∞ we have
r2G0
0 ≥ 0. (39)
On the other hand, from (36) and (37) we get
r2(G0
0 − 3Grr) = 2x exp(−x) + exp(−x)− 1. (40)
In the range 0 ≤ x ≤ ∞, the strong energy condition ρφ +3pφ ≥ 0 or RµνUµUν ≥ 0
for a null or timelike vector Uµ is violated. The Hawking-Penrose theorems [27, 28,
29] state that if both the weak and strong energy conditions for matter are satisfied,
then the static spherically symmetric solution in GR must be singular. In particular,
the focussing of null and time-like geodesics produces an event horizon at rs =
2GNM and an essential singularity at r = 0. Since our non-singular static spherically
symmetric metric violates the strong energy condition, we do not contradict the
Hawking-Penrose theorems. Because of the absence of an event horizon our exterior
solution does not possess a trapped surface and the geodesics of the spacetime metric
are complete [27, 28, 29].
The violation of the strong energy condition for the scalar field energy in our
modified gravitational equations can be accepted, in view of the need for some kind
of negative pressure uniform energy to account for the observed accelerated ex-
pansion of the universe. Indeed, for the vacuum energy associated with Einstein’s
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gravitational constant, Λ, we have the equation of state pφ = −ρφ. We shall pos-
tulate that the scalar field φ permeates all of spacetime universally with a uniform
dark (vacuum) energy which we can picture as a universal “ether”. We emphasize
that postulating this ether vacuum energy throughout spacetime does not violate
the local Lorentz invariance or general covariance of the gravity theory.
4 Non-Singular Gravitational Collapse
To obtain some knowledge of gravitational collapse, we consider the simplest case of
the spherically symmetric collapse of dust with negligible matter pressure [30, 31].
We assume that the matter pressure in the interior of the star pm ∼ 0, while we
assume for the interior of the collapsing star that pφ = −ρφ, generating a constant
vacuum energy.
We use the comoving coordinate system to describe the free-fall of the dust
particles with the metric:
ds2 = dt2 − U(r, t)dr2 − V (r, t)dΩ2. (41)
The energy-momentum tensor for the interior fluid is given by
T µν = ρMu
µuν + ρφgµν , (42)
and ur = uθ = uφ = 0, u0 = 1. We assume the equation of state for the scalar field
φ in the interior of the collapsing star, pφ = wφρφ, and wφ = −1 giving
pφ = −ρφ = const. (43)
We identify the constant density ρφ with the interior constant vacuum energy density
or “dark energy”:
ρφ = ρint vac. (44)
The total positive energy density in the interior of the collapsing star is given by
ρ(r, t) = ρM(r, t) + ρint vac. (45)





U) = 0. (46)
We can write the gravitational equations in the form:
Rµν = 8piGNSµν − gµνK, (47)
where
Sµν = Tµν − 1
2




and K > 0 is the “vacuum constant” given by
K = 8piGNρint vac. (49)






























































We now assume that ρM does not depend on time, and seek a separable solution:
U = R2(t)f(r), V = S2(t)g(r). (54)
Eq.(53) tells us that S˙/S = R˙/R, so that S(t) = R(t). We can express U and V in
the form:
U = R2(t)f(r), V = R2(t)r2. (55)
Eqs.(50) and (51) give
f ′(r)
rf 2(r)
+ R¨(t)R(t) + 2R˙2(t) = 4piGNR
2(t)ρM (t) +R
2(t)K. (56)








1− kr2 . (58)
This leads to the interior spatially isotropic and homogeneous metric
ds2 = dt2 − R2(t)
(
dr2

































We can now write (61) in the form:







and solve for R˙(tb) = 0 where t = tb is a time during collapse when a bounce occurs.
We get the cubic equation












, γ = α + β = −8piGNρM(0)
3
. (66)
A real solution for R(tb) is given by
R(tb) =
−K + (K2 + 32piKGNρM (0))1/2
2K
. (67)
The collapsing sphere of fluid will bounce and not reach R = 0. Thus, a fluid
sphere of initial density ρM(0) and zero pressure will collapse from rest to a state of





in a finite time t = tb.

























(1 + cosψ). (71)














In GR withK = 0 the fluid sphere of initial density ρM (0) and zero pressure collapses
from rest to a state of infinite proper energy density in the finite time t = ts [30, 31].
We shall now match the exterior gravitational field solution to our interior so-
lution. In GR, it can be proved that the time-dependent spherically symmetric
exterior solution is just the static spherically symmetric solution. This is called the
Birkhoff theorem which states that a spherically symmetric gravitational field in
empty space must be static and is the Schwarzschild solution. The time-dependent
metric in empty space is given by
ds2 = B(r, t)dt2 − A(r, t)dr2 − r2dΩ2. (73)
We infer from Eq.(19) that we do not have a rigorous Birkhoff theorem in Einstein-
scalar-tensor gravity. However, we can obtain an approximate matching of exterior
and interior solutions by assuming that φ is quasi-static, φ˙ ∼ 0. Then A˙ ∼ 0 and all
the time dependent components in the field equations (12) vanish and the exterior
metric is quasi-static and is given by (16). We note that in contrast to GR, in
scalar-tensor gravity the metric inside an empty spherical cavity at the center of a
spherically symmetric system is not equivalent to the flat space Minkowski metric
ηµν .
The metric (16) is not in the Gaussian form (41). We can use the integrating
factor method to convert the interior solution metric (41) to the exterior metric








We choose the spatial coordinates























Here, the constant R0 denotes the radius of the sphere in comoving coordinates.
The metric in the coordinate system r˜, θ˜, φ˜, t˜ takes the form

















At the radius of the star we have







































This reduces for the lowest order expansion of (86) with R0R(t) ≫ 4GNM and





We obtain from (16) and ds2 = 0 for a light signal emitted in a radial direction





















Both t˜ and t˜′ remain finite when the radius r˜ = R˜0(t) = R0R(t) approaches the
Schwarzschild radius: r˜ → 2GNM or R(t) → 2GNM/R0. In GR for K=0 and for
the exterior Schwarzschild solution, both t˜ and t˜′ become infinite as R(t)→ 2GN/R0.
In our non-singular solution the collapse to the Schwarzschild radius rs = 2GNM
takes only a finite time and the collapsing sphere never reaches R = 0.
For our static non-singular solution with the metric (16) the red shift is given by





(1 + exp(−4GNM/r))1/2 − 1, (90)
where λ denotes the wavelength of light and λ0 is the wavelength that would be
emitted by a source in the absence of gravitation. The red shift is finite at the
Schwarzschild radius rs = 2GNM and
√
2− 1 ≤ z ≤ ∞ for 0 ≤ r ≤ ∞. To lowest




)1/2 − 1, (91)
which yields the standard result that for the Schwarzschild solution the collapsing
star appears to an outside observer to take an infinite amount of time to reach the
Schwarzschild radius, and the collapse to R = 0 is not observable.
We have allowed for the matter-energy in the interior of the collapsing star to




Tφ) ≥ 0. (92)
On the other hand, we maintain the weak energy condition ρ > 0 or the equivalent
condition:
TµνU
µUν ≥ 0. (93)
For a realistic description of gravitational collapse, we must include the pressure
pM of normal matter, while the pressure of the scalar field φ can vary and have the
equation of state wφ < −1/3 guaranteeing a sufficiently strong repulsive force to
prevent the star from collapsing to R = 0.
5 Interior Static Solution
Let us now turn our attention to the static, spherically symmetric solution of an

























Exterior to the body ρ = 0 for r > R0 and A(r) joins onto our exterior non-singular
vacuum solution (14) and (15) with





B(r) = exp(2ψ). (98)






r(r − 2GNM(r)) . (99)






By using (99), we obtain the Oppenheimer-Volkoff equation of relativistic hy-
drodynamic equilibrium [32, 31, 33]:
dp
dr
= −(ρ+ p)GNM(r) + 4pir
3p
r(r − 2GNM(r)) . (101)






The spacetime geometry inside a static spherically symmetric body is given by





where ψ(r) is determined by (99). We guarantee equilibrium of a static body when
Eq.(101) is satisfied.















and integrate this inequality inward from the surface of the body with radius, R0,































Here, we have joined smoothly our interior solution to our non-singular exterior
vacuum solution (16).












The condition dρ/dr ≤ 0 tells us that M(r) cannot be smaller than the value it






























To maintain a static configuration, we must have
√













In the lowest order of expansion of the first term on the left-hand side of this con-












We see that the upper mass limit in our non-singular spherically symmetric
solution obtained from (108) differs from the standard GR result (111).
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6 Non-Singular Interior Solution with Constant
Vacuum Energy
We shall now model the interior of a star with a constant vacuum energy Eq.(49).
Consider the field equations (47) with
Sµν = Tµν − 1
2
gµνT = (ρM + pM)uµuν − pMgµν (112)


































= 4piGN(ρM − pM)A+KA, (114)













= 4piGN(ρM − pM)r2 +Kr2. (115)
From the combination Rrr/2A+Rθθ/r





= 1− 8piGNρMr2 −Kr2. (116)






















(ρM + pM). (119)































































1 + exp(−4GNM/r) (r ≥ R0), (124)
where R0 denotes the radius of the star. Here, we have assumed that the interior






(1 + exp(−4GNM/r) (r ≥ R0). (125)










For GNM ≪ R0 and K = 0 we obtain to lowest order
M∼M. (127)
7 Formation of Stable Grey Stars
In standard stellar evolution theory, a star remains in equilibrium as long as ther-
monuclear reactions in the core supply enough thermal pressure to resist the pull of
gravity. In a star that has exhausted its supply of nuclear fuel, the thermal pres-
sure will disappear and the star will collapse. The collapse can only be halted if
the quantum mechanical zero-point pressure becomes dominant. This pressure is
supplied by a degenerate Fermi gas of electrons or neutrons which can allow for
equilibrium and stable white dwarf and neutron stars. In standard GR, if the mass
of the star exceeds the Chandrasekhar mass limit, then the electron or neutron de-
generate gas pressure can no longer support the star. The problem is that the Fermi
energy increases with density and ultimately the degenerate gas becomes relativistic
and, in contrast to a non-relativistic Fermi gas, it cannot supply enough pressure
for equilibrium.
In our modified gravity theory, the negative pressure vacuum energy in the in-
terior of the star will generate a strong repulsive “ant-gravity” that will support
the star from collapsing to a black hole. Let us consider the phase of neutron star
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matter. The total energy density and pressure of an ideal Fermi gas of neutrons

































= 6.10× 1015 g cm−3 (130)














The structure of the star with given central densities ρn(0) and ρφ(0) is obtained
by solving the Oppenheimer-Volkoff equation (101) with the equations of state (131)
and (132). The solution must give the mass and radius of the stable star as functions




















where X and Y are unknown dimensionless functions. For large central densities
ρ(0) ≫ ρc, the neutrons are highly relativistic with pF ≫ mn, so pF ∼ ρn/3. For









We expect that the central density ρφ(0) needed to support the star in a stable state
and prevent a collapse to a black hole to increase as the mass of the star increases.
Thus we demand that
ρφ vac(0)≫ ρn(0). (136)
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The stability of the star is guaranteed provided that Eq. (101) is satisfied when






and with respect to variations δN = 0 where N is the nucleon number.
Excluding the possibility of infinite mass M → ∞, we must ask how large the
central negative pressure vacuum density ρφ vac must be to prevent the collapse to a
black hole. We know that if we accept the inflationary paradigm [34, 35], then in the
very early universe the vacuum energy density ρvac needed to generate ≥ 60-folds
of inflation is ρvac ∼ 10100ρcrit where ρcrit is the present day critical density of the
universe. At the critical core radius rc for a collapsed compact star, we can expect
densities approaching those that occur at or near the Planck energy, EPL ∼ 1019 GeV
(excluding a big bang singularity), so we can expect as in the inflationary models that
ρint vac is very large at rc. In a realistic calculation of stellar equilibrium for a small
compact and highly dense star, we must use the same potential V (φ) that solves
the exterior non-singular solution as well as the interior solution with a negative
pressure scalar field dark energy and a positive total density ρ.
We can obtain a rough picture of the equilibrium problem for the case that
the interior of the star has a constant negative pressure vacuum energy as well as
a degenerate Fermi gas energy. Let us assume that the gas has uniform density







where N and V denote the number of neutrons and the volume, respectively. For
a non-relativistic gas the Fermi energy EF = p
2
F/2mn, while for a relativistic gas
EF = cpF . Rough estimates of the non-relativistic and relativistic Fermi energies
















































where we have V = 4pir3/3.
In the extreme relativistic case for standard GR with K = 0, the Fermi energy
increases with decreasing r, but it does not increase strongly enough, so the rel-
ativistic gas is too soft to resist the gravitational attraction and support the star
from collapse. The end result then is a black hole. For the case when K 6= 0 we
can form stable equilibrium states for a massive compact star. However, the above
Newtonian uniform density star with a constant mass and a constant dark vacuum
energy cannot realistically describe the correct stability criteria for our end state of
collapse. Inside a star, we must use a varying density of matter and a varying vac-
uum energy together with the correct equilibrium equation (101) and the equations
of state (131) and (132).
8 Conclusions
We have proposed an exterior non-singular static spherically symmetric solution for
Einstein-scalar-tensor gravity. The scalar field allows for negative pressure “dark
energy” that can prevent the collapse of massive astrophysical bodies by counter-
balancing the attractive force of gravity. This entails allowing for the violation of
the strong energy condition: ρ+ 3p ≥ 0 normally imposed in the standard scenario
for gravitational collapse. The scalar field dark energy is postulated to permanently
permeate all of spacetime as a kind of “ether”. A potential V (φ) for the scalar
field φ plays an important role in determining the non-singular exterior metric in
the Einstein-scalar-tensor field equations. A particular solution for V (φ) is obtained
from the exterior metric and the equation of motion for φ is used to derive the
solution for φ.
We have shown that for a model of gravitational collapse in which the normal
matter density is positive and the matter pressure is negligible the scalar field pro-
duces a vacuum constant K, which generates a bounce of the collapsing matter at
a critical radius This bounce prevents the falling matter from reaching zero radius.
When our quasi-static exterior non-singular metric is matched to the non-singular
interior solution for the collapsed star, we find that an observer at infinity measures a
finite but large red shift. The observer sees the formation of a stellar body in a finite
time with a surface and no Schwarzschild event horizon. The exterior solution and
the interior solution for the dark grey star is everywhere non-singular with a finite
mass density. For a realistic description of stellar collapse, we must include normal
matter pressure and varying quintessence vacuum energy. This can be achieved by
means of a computer model of the collapsing star.
When the nuclear fuel burns out in cores of stars, then in standard GR the star
can collapse to zero radius and form an event horizon with an essential singularity
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at r = 0. The Fermi pressure at the core of a collapsed star caused by the de-
generate electron and neutron gas and Pauli’s exclusion principle stabilizes white
dwarfs and neutron stars, respectively. For the stable white dwarfs and neutron
stars the Chandrasekhar mass limits are: Mc ∼ 1.4M⊙ and Mc ∼ 2 − 3M⊙, re-
spectively. However, when the dark energy negative pressure takes over in the star
and the strong repulsive “anti-gravity” force prevents the star from collapsing to
zero radius, Chandrasekhar mass limits are exceeded and black holes do not form in
spacetime provided that the central dark energy is large enough. If the inflationary
model paradigm is correct, then we can expect that at the core of a compact star
the vacuum energy density (or the cosmological constant Λ) is very large and can
produce enough “antigravity” to form a stable “dark grey” or “black” star. Further
studies of dark energy and vacuum energy (quintessence) in cosmology will elucidate
its nature and reveal how robust it is in preventing gravitational collapse to a black
hole.
Because our static spherically symmetric solution does not possess a black hole
event horizon, the collapsed compact star will only radiate “normal” radiation. This
radiation may be so small that the collapsed star appears to an outside observer to
be “black”. Since Hawking radiation is intimately associated with a black hole event
horizon in the Schwarzschild solution of GR and such an event horizon is absent in
our exterior regular solution, then our dark grey star does not have an information
loss problem.
The evidence for putative black holes at the centers of galaxies, according to
the prediction of standard Einstein gravity theory is presently circumstantial and
may continue to be so unless a definitive event horizon signature is discovered and
is observationally detected in the future.
If the scalar field ether-energy were proved experimentally to be absent from
spacetime, then we revert to Einstein’s gravitational theory with the standard field
equations in empty space. These field equations yield the exterior Schwarzschild
solution with a black hole event horizon and an essential singularity. By allowing
for a new interpretation of the physical nature of the spacetime vacuum, we can
obtain a gravity theory with everywhere regular solutions of the field equations.
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